Synthesis of silver nanoparticles (AgNPs)
Silver nanoparticles were synthesized using sodium borohydride (NaBH 4 ) as the reducing agent and trisodium citrate as the capping agent through a modified method by Chen et al 1 . Typically, 25 µL 100 mM AgNO 3 and 25 µL 100 mM trisodium citrate were added into 10 mL deionized water with stirring in a flask. Then, 0.6 mL freshly prepared 25 mM NaBH 4 ice-chilled solution was added into the above solution drop by drop with vigorous stirring at room temperature. The reaction was stopped after 30 min when the solution turned a light yellow color. The silver nanoparticles solution was stored at 4 °C before use. . Note that aggregation may not occur on the bacterial membrane since M13 phages bind to the tip of the F pilus 4 . AuNPs aggregate with thiolated M13KE (c), while AuNPs alone do not aggregate (d). The precise morphology of the aggregates in solution is not characterized here, as clumping of the mixture of AuNPs and phage (c) appears to depend on sample drying for TEM preparation. A shorter drying time (1 hour) gives less clumping (e) but poorer image resolution due to residual water in the sample. Nevertheless, aggregates containing multiple phage and AuNP particles are visible in both (c) and (e). A possible explanation for the observed qualitative morphology is as follows. Both the phages and the AuNPs have many potential sites for interaction, such that interaction between a single AuNP and single phage particle leaves many sites available for further interaction with other particles, leading to agglomeration of multiple phages and AuNPs together. In addition to these interparticle interactions, a "noncrosslinking" mechanism may contribute, if the agglomeration of phages and nanoparticles creates a local perturbation in electrostatic screening that induces additional AuNP aggregation 5 . If free thiol sites are not evenly distributed along the side wall of the phage, regions with higher thiol content may also induce an uneven distribution AuNPs along the phage. Finally, the drying associated with TEM sample preparation also contributes to the observed morphology of the aggregates, as noted above. 
